lin syringes (Becton Dickinson, Franklin Lakes, NJ), and participants returned to the study site for reading of test 48 to 72 hours later. Randomization lists were prepared for each of the 6 study sites using randomized blocks of antigen sequences for groups of either 3, 6, or 9 patients. Sequences were randomized by antigen and injection site. Separate randomization schedules were configured for the low risk and the tuberculosis-patient study groups. Three fourths of subjects were randomized to receive Aplisol, Tubersol, PPD-S1, and PPD-S2; one fourth received Aplisol, Tubersol, and 2 injections of PPD-S1. Injections were placedon2sitesoftheflexorsurfaceofeach forearm, 5 and 10 cm below the elbow. The 2 investigators reading results, who were blinded to the identity of the test reagent and the other person's readings, recorded the reactions in millimeters of induration in the transverse diameter.
If the false-positivity rate of tuberculin skin testing is 4%, detecting a 2% difference between false-positive rates with 80% power and 95% certainty requires a sample size of 1146. To account for losses to follow-up, we planned to enroll 1500 lowrisk participants. We evaluated 3 potential sources of variability. First, we assessed interobserver variability, the difference between 2 independent readings of the same skin test, by grouping the results into 3 categories (0-4 mm, 5-9 mm, and Ն10 mm) and evaluating the paired agreement with the k statistic. 9 Second, we assessed host variability, the difference between 2 PPD-S1 tests in the same participant, by comparing differences in skin test interpretation. Third, we assessed the variability between different reagents and between different lots of the same reagent. For these comparisons we evaluated the difference between reaction-size means in subjects who had at least 1 skin test reading greater than 0 mm, using nonparametric analyses of variance (Friedman test if repeated measures and Wilcoxon signed rank tests if nonrepeated measures), 10 and pairwise comparisons. We also compared (using Wilcoxon signed rank tests adjusted for multiple comparisons 10 ) the mean reaction sizes by study site, age, sex, and race. The results of testing with PPD-S2 will be presented separately.
We calculated test specificity in 2 ways. First, all low-risk subjects were assumed to be uninfected; therefore, specificity equals 1 minus the rate of reactions measuring 10 or 15 mm or more (false-positive reactions). Second, subjects having reactions of 10 mm or more to PPD-S1 were assumed to be infected and eliminated from the specificity calculations. Among patients with culturepositive tuberculosis, we compared the mean skin test reaction sizes and the rate of false-negative reactions (Ͻ10 mm).
RESULTS

Study Population
Between May 14, 1997, and October 28, 1997, we enrolled 1596 low-risk subjects, 41 of whom were excluded from analysis for various reasons, and 99 persons with histories of culture-positive tuberculosis. Demographiccharacteristicsoftheremaining 1555 low-risk participants are shown in TABLE 1. There were no clinically significant adverse reactions to skin testing. Of the 1555 low-risk subjects, 366 (23.5%) received 3 unique antigens and 2 injections of PPD-S1; the rest received 4 unique antigens. Of the 99 patients with TB, 30 (30.3%) received 3 unique antigens and 2 injections of PPD-S1; the rest received 4 unique antigens.
Interobserver and Host Variability
Of the 1555 low-risk subjects, 127 (8.2%) had a PPD-S1 reading greater than 0 mm. Among these 127 subjects, the differences between the 2 readers were small in most cases and only equaled or exceeded 5 mm in 18 instances (14%). There was a 69% probability (k statistic ϫ 100) that the agreement between 2 readers of the same PPD-S1 test was not by chance alone. Thirty-six (9.8%) of 366 persons who received 2 PPD-S1 injections had at least 1 of these tests read as greater than 0 mm. Among these 36 subjects, the differences between the 2 PPD-S1 tests equaled or exceeded 5 mm in 4 cases (11%). Using a 10-mm cutoff, the difference in the readings would result in a difference in skin test interpretation in only 2 subjects (0.5%).
Variability Among Reagents
There were no significant differences between the mean reaction sizes of the 2 lots of each commercial reagent (means for the Aplisol lots: 3.43 and 3.43 mm, P = .95; means for the Tubersol lots: 2.50 and 1.71 mm, P = .19). However, there were differences between the mean (±SD) reaction sizes of Aplisol (3.4 ± 4.2 mm), Tubersol (2.1 ± 3.2 mm), and PPD-S1 (2.5 ± 3.6 mm) (P = .001 by analysis of variance and PϽ.05 for all 3 pairwise comparisons). Mean reaction sizes were significantly larger at the San Diego site compared with other sites; however, most of these reactions were small (263 [91%] of 288 ranged from 1-9 mm). Excluding participants from San Diego does not significantly change the results of this analysis (data not shown). There were no significant differences in mean reaction sizes by age, sex, or race.
Test Specificity Results
The first scenario assumed that all reactions greater than the cutoff value (10 or 15 mm) were false-positive. At either cutoff value, with any of the 3 skin test re- agents, the number of persons with positive reactions was small and the corresponding specificities were all greater than 98% (TABLE 2) . At the 10-mm cutoff there was a significant difference in specificity between Aplisol and Tubersol, but neither commercial reagent differed from PPD-S1. In the second scenario, all subjects with reactions of 10 mm or greater to PPD-S1 were defined as latently infected and eliminated from the analysis ( Table 2 ). In this scenario, there were no significant differences between the specificities of Aplisol and Tubersol using either a 10-or 15-mm cutoff.
Immunogenicity of Study Antigens
The mean (±SD) reaction sizes in the persons with culture-positive tuberculosis were 16.3 ± 5.6 mm for Aplisol, 14.9 ± 6.0 mm for Tubersol, and 16.2 ± 6.4 mm for PPD-S1 (P = .006 by analysis of variance). In pairwise comparison, the differences between Tubersol and PPD-S1 (P = .008) and between Tubersol and Aplisol (PϽ.001) were statistically significant, whereas there was no difference between Aplisol and PPD-S1 (P = .84). Thirteen persons (13%) had falsenegative test results with either PPD-S1 or Tubersol, and 11 (11%) had falsenegative test results with Aplisol.
COMMENT
This study demonstrates that the results of skin testing with the 2 commercial reagents,AplisolandTubersol,arequitecomparable with that of the standard tuberculin preparation, PPD-S1. Tubersol producedslightlysmallerreactions,andAplisol slightly larger reactions, than did PPD-S1, but these differences in reaction sizes did not result in significant differences in skin test interpretation; the specificities of both commercial reagents were high (Ͼ98%) and similar to that of PPD-S1. We explored several potential sources of variability in tuberculin skin testing. Interobserver agreement was similar than that previously reported.
11 Host variability was quite low; differences between the reaction sizes of 2 simultaneous PPD-S1 tests would have resulted in a discordance in skin test interpretation in only 0.5% of those tested. We detected an association between reaction size and enrollment in San Diego. The readers at this site had previously evaluated skin tests (other than tuberculin) having expected reaction sizes of less than 10 mm. We suspect that readers from other sites were not trained to detect small skin test reactions, leading to a tendency to record such reactions as 0 mm of induration.
Clusters of unexpected positive tuberculin skin test results have been previously reported, often in groups of low-risk persons tested with Aplisol that, on subsequent testing with Tubersol, were believed to be clusters of false-positive reactions. [2] [3] [4] [5] [6] [7] [8] None of these reports involved testing with the 2 commercial products simultaneously and thus cannot exclude the possibility of false-negative reactions associated with Tubersol, or another kind of error associated with tuberculin skin tests not performed under the same conditions. Our study included simultaneous testing of both commercial reagents, as well as the standard tuberculin, in a large sample of well-characterized subjects. A limitation of our study is that we only evaluated 2 lots of commercial tuberculin manufactured in the same period. It is possible that variations in manufacturing processes over time may have produced some of the reported differences in false-positive rates.
Skin test variation related to human factors can be controlled only to a finite degree. In clinical practice, these factors cannot be eliminated completely and should always be recognized as potential sources of false-positive tuberculin skin test results. However, our study demonstrates that both Aplisol and Tubersol will correctly classify comparable numbers of persons not infected with M tuberculosis and that the choice of product used for skin testing has little effect on test performance. *Pairwise comparisons: PPD-S1 vs Aplisol, P = .09; PPD-S1 vs Tubersol, P = .35; Aplisol vs Tubersol, P = .01. The overall comparison is P = .02. †The overall comparison is P = .37. ‡These participants were assumed to be truly infected and were eliminated from the study, leaving 1538 subjects. §P = .09. P = .07.
